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4500-Si SILICA* 



4500-Si A. Introduction 



1. Occurrence and Significance 

Silicon ranks next to oxygen in abundance in the earth's crust. 
It appears as the oxide (silica) in quartz and sand and is combined 
with metals in the form of many complex silicate minerals, par- 
ticularly igneous rocks. Degradation of silica-containing rocks 
results in the presence of silica in natural waters as suspended 
particles, in a colloidal or polymeric state, and as silicic acids or 
silicate ions. Volcanic and geothermalJy heated waters often con- 
tain an abundance of silica. 

A more complete discussion of the occurrence and chemistry 
of silica in natural waters is available.' 

The silica (Si0 2 ) content of natural water most commonly is 



: Approved by Standard Methods Committee, 1988. 



in the 1- to 30-mg/L range, although concentrations as high as 
100 mg/L are not unusual and concentrations exceeding 1000 
mg/L are found in some brackish waters and brines. 

Silica in water is undesirable for a number of industrial uses 
because it forms difficult-to-remove silica and silicate scales in 
equipment, particularly on high-pressure steam-turbine blades. 
Silica is removed most often by the use of strongly basic anion- 
exchange resins in the deionization process, by distillation, or 
by reverse osmosis. Some plants use precipitation with magne- 
sium oxide in either the hot or cold lime softening process. 

2. Selection of Method 

Methods C and G determine total silica. Methods D, E, and 
F determine molvbdate-reactive silica. As noted in Section 4500- 
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Si.D.4, it is possible to convert other forms of silica to the mo- 
lybdate-reactive form for determination by these methods. Method 
B, like Method C, determines more than one form of silica. It 
will determine all dissolved silica and some colloidally dispersed 
silica. The determination of silica present in micrometer and 
submicrometer particles will depend on the size distribution, 
composition, and structure of the particles; thus Method B can- 
not be said to determine total silica. 

Use Method C to standardize sodium silicate solutions used 
as standards for Methods D, E, and F. Do not use Method C 
for water samples that contain less than 20 mg Si0 2 /L. Method 
D is recommended for relatively pure waters containing from 0.4 
to 25 mg Si0 2 /L. As with most colorimetric methods, the range 
can be extended, if necessary, by diluting, by concentrating, or 
by varying the light path. Interferences due to tannin, color, and 
turbidity are more severe with this method than with Method E. 
Moreover, the yellow color produced by Method D has a limited 
stability and attention to timing is necessary. When applicable, 
however, it offers greater speed and simplicity than Method E 
because one reagent fewer is used; one timing step is eliminated; 
and many natural waters can be analyzed without dilution, which 
is not often the case with Method E. Method E is recommended 
for the low range, from 0.04 to 2 mg Si0 2 /L. This range also can 
be extended if necessary. Such extension may be desirable if 
interference is expected from tannin, color, or turbidity. A com- 
bination of factors renders Methods E and F less susceptible than 
Method D to those interferences; also, the blue color in Methods 
E and F is more stable than the yellow color in Method D. 
However, many samples will require dilution because of the high 
sensitivity of the method. Permanent artificial color standards 
are not available for the blue color developed in Method E. 

The yellow color produced by Method D and the blue color 
produced by Methods E and F are affected by high concentra- 
tions of salts. With sea water the yellow color intensity is de- 
creased by 20 to 35% and the blue color intensity is increased 
by 10 to 15%. When waters of high ionic strength are analyzed 



by these methods, use silica standards of approximately the same 
ionic strengths. 2 

Method F may be used where large numbers of samples are 
analyzed regularly. Method B is recommended for broad-range 
use. Although Method B is usable from 1 to 300 mg Si0 2 /L, 
optimal results are obtained from about 20 to 300 mg/L. The 
range can be extended upward by dilution if necessary. This 
method is rapid and does not require any timing step. 

The inductively coupled plasma method (G) also may be used 
in analyses for silica. 

3. Sampling and Storage 

Collect samples in bottles of polyethylene, other plastic, or 
hard rubber, especially if there will be a delay between collection 
and analysis. Borosilicate glass is less desirable choice, particu- 
larly with waters of pH above 8 or with seawater, in which cases 
a significant amount of silica in the glass can dissolve. Freezing 
to preserve samples for analysis of other constituents can lower 
soluble silica values by as much as 20 to 40% in waters that have 
a pH below 6. Do not acidify samples for preservation because 
silica precipitates in acidic solutions. 

4. References 

1. Hem, J.D. 1959. Study and interpretation of the chemical character- 
istics of natural water. U.S. Geol. Surv. Water Supply Pap. No. 1473. 

2. Fanning, K.A. & M.E.Q. Pilson. 1973. On the spectrophotometry 
determination of dissolved silica in natural waters. Anal Chem. 45:136. 
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4500-Si B. Atomic Absorption Spectrometric Method 



See Section 311 ID. 



4500-Si C. Gravimetric Method 



1. Genera! Discussion 

a. Principle: Hydrochloric acid decomposes silicates and dis- 
solved silica, forming silicic acids that are precipitated as partially 
dehydrated silica during evaporation and baking. Ignition com- 
pletes dehydration of the silica, which is weighed and then vol- 
atilized as silicon tetrafluoride, leaving any impurities behind as 
nonvolatile residue. The residue is weighed and silica is deter- 
mined as loss on volatilization. Perchloric acid (HCJOJ may be 
used to dehydrate the silica instead of HC1. A single fuming with 
HC10 4 will recover more silica than one with HC1, although for 
complete silica recovery two dehydrations with either acid are 



necessary. The use of HC10 4 lessens the tendency to spatter, 
yields a silica precipitate that is easier to filter, and shortens the 
time required for the determination. 

b. Interference: Because glassware may contribute silica, avoid 
its use as much as possible. Use reagents and distilled or deion- 
ized water low in silica. Carry out a blank determination to 
correct for silica introduced by the reagents and apparatus. 

2. Apparatus 

a. Platinum crucibles, with covers. 

b. Platinum evaporating dishes, 200-mL. In dehydration steps, 
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acid-leached glazed porcelain evaporating dishes free from etch- 
ing may be substituted for platinum, but for greatest accuracy, 
platinum is preferred. 

3. Reagents 

For maximum accuracy, set aside batches of chemicals low in 
silica for this method. Store all reagents in plastic containers and 
run blanks. 

a. Hydrochloric acid, HCl, 1 + 1 and 1 -f 50. 

b. Sulfuric acid, H 2 S0 4 , 1 + 1. 

c. Hydrofluoric acid, HF, 48%. 

d. Perchloric acid, HC10 4 , 72%. 

4. Procedure 

Before determining silica, test H 2 S0 4 and F1F for interfering 
nonvolatile matter by carrying out the procedure of 11 Aa5) below. 
Use a clean empty platinum crucible. If any increase in weight 
is observed, make a correction in the silica determinations. 

a. HCl dehydration: 

1) Sample evaporation — To a clear sample containing at least 
10 mg silica, add 5 mL 1 + 1 HCl. Evaporate to dryness in a 
200-mL platinum or acid-leached glazed porcelain evaporating 
dish, in several portions if necessary, on a water bath or sus- 
pended on an asbestos ring over a hot plate. Protect against 
contamination by atmospheric dust. During evaporation, add a 
total of 15 mL 1 + 1 HCl in several portions. Dry dish and place 
it in a 110°C oven or over a hot plate to bake for 30 min. 

2) First filtration— Add 5 mL 1 + 1 HCl, warm, and add 50 
mL hot distilled water. While mixture is hot, filter through an 
ashless medium-texture filter paper, decanting as much liquid as 
possible. Wash dish and residue with hot 1 + 50 HCl and then 
with a minimum volume of distilled water until washings are 
chloride-free. Save all washings. Set aside filter paper with its 
residue. 

3) Second filtration — Evaporate filtrate and washings from 
the above operation to dryness in the original platinum dish. 
Bake residue in a 110°C oven or over a hot plate for 30 min. 
Repeat steps in 11 2) above. Use a separate filter paper and a 
rubber policeman to aid in transferring residue from dish to filter. 
Take special care with porcelain dishes because silica adheres to 
the dish. 

4) Ignition — Transfer the two filter papers (one if dehydrated 
by Ah) and residues to a covered platinum crucible, dry at 110°C, 
and ignite at 1200°C to constant weight. Avoid mechanical loss 
of residue when first charring and burning off the paper by grad- 
ual heating at minimum temperature. Too rapid heating may 



form black silicon carbide. Cool in desiccator, weigh, and repeat 
ignition and weighing until constant weight is attained. Record 
weight of crucible and contents. 

5) Volatilization with HF — Thoroughly moisten weighed res- 
idue with distilled water. Add 4 drops 1 + 1 H 2 S0 4 , followed 
by 10 mL HF, measuring the latter in a plastic graduated cylinder 
or pouring an estimated 10 mL directly from the reagent bottle. 
Slowly evaporate to dryness over an air bath or hot plate in a 
hood and avoid loss by splattering. Ignite crucible to constant 
weight at 1200°C. Record weight of crucible and contents. 

b. HC10 4 dehydration: Follow procedure in 1! 4a 1) above until 
all but 50 mL of sample has been evaporated. Add 5 mL HC10 4 
and evaporate until dense white fumes appear. (Caution: Ex- 
plosive — Place a shield between analyst and fuming dish.) 

Continue dehydration for 10 min. Cool, add 5 mL 1 + 1 HCl 
and 50 mL hot distilled water. Bring to a boil and filter through 
an ashless quantitative filter paper. Wash thoroughly ten times 
with hot distilled water and proceed as directed in lis 4ai) and 
5) preceding. For many purposes, the silica precipitate often is 
sufficiently pure for the purpose intended and may be weighed 
directly, omitting HF volatilization. Make an initial check against 
the longer procedure, however, to be sure that the result is within 
the limits of accuracy required. 

5. Calculation 

Subtract weight of crucible and contents after HF treatment 
from the corresponding weight before HF treatment. The dif- 
ference, A , in milligrams is "loss on volatilization" and represents 
silica: 



mg Si0 2 /L = 



A x 1000 
mL sample 



6. Precision and Bias 

The accuracy is limited both by the finite solubility of silica in 
water under the conditions of analysis and by the analytical bal- 
ance sensitivity. Under optimum conditions, an experienced an- 
alyst can obtain a precision of approximately ±0.2 mg Si0 2 . 
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4500-Si D. Molybdosilicate Method 



1. General Discussion 

a. Principle: Ammonium molybdate at pH approximately 1.2 
reacts with silica and any phosphate present to produce heter- 
opoly acids. Oxalic acid is added to destroy the molybdophos- 
phoric acid but not the molybdosilicic acid. Even if phosphate 
is known to be absent, the addition of oxalic acid is highly de- 



sirable and is a mandatory step in both this method and Method 
E. The intensity of the yellow color is proportional to the con- 
centration of "molybdate-reactive" silica. In at least one of its 
forms, silica does not react with molybdate even though it is 
capable of passing through filter paper and is not noticeably 
turbid. It is not known to what extent such "unreactive" silica 
occurs in waters. Terms such as "colloidal," "crystalloidal," and 
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"ionic" have been used to distinguish among various forms of 
silica but such terminology cannot be substantiated. "Molybdate- 
unreactive" silica can be converted to the ''molybdate-reactive" 
form by heating or fusing with alkali. Molybdate-reactive or 
unreactive does not imply reactivity, or lack of it, toward other 
reagents or processes. 

b. Interference: Because both apparatus and reagents may con- 
tribute silica, avoid using glassware as much as possible and use 
reagents low in silica. Also, make a blank determination to cor- 
rect for silica so introduced. In both this method and Method 
E, tannin, large amounts of iron, color, turbidity, sulfide, and 
phosphate interfere. Treatment with oxalic acid eliminates in- 
terference from phosphate and decreases interference from tan- 
nin. If necessary, use photometric compensation to cancel in- 
terference from color or turbidity. 

c. Minimum detectable concentration: Approximately 1 mg 
SiO^/L can be detected in 50-mL nessler tubes. 



passing gaseous NH 3 into distilled water contained in a plastic 
bottle. 

e. Oxalic acid solution: Dissolve 7.5 g H 2 C 2 4 \H 2 in distilled 
water and dilute. 

/. Stock silica solution: Dissolve 4.73 g sodium metasilicate 
nonahydrate, Na 2 Si0 3 -9H 2 0, in distilled water and dilute to 1000 
mL. Analyze 100.0-mL portions by Method C to determine con- 
centration. Store in a tightly stoppered plastic bottle. 

g. Standard silica solution: Dilute .10.00 mL stock solution to 
1000 mL with distilled water; 1.00 mL - 10.0 \xg Si0 2 . Calculate 
exact concentration from concentration of stock silica solution. 
Store in a tightly stoppered plastic bottle. 

h. Permanent color solutions: 

1) Potassium chr ornate solution: Dissolve 630 mg K 2 Cr0 4 in 
distilled water and dilute to 1 L. 

2) Borax solution: Dissolve 10 g sodium borate decahydrate, 
Na 2 B 4 O 7 T0H 2 O, in distilled water and dilute to 1 L. 



2. Apparatus 

a. Platinum dishes, 100-mL. 

b. Colorimetric equipment: One of the following is required: 

1) Spectrophotometer, for use at 410 nm, providing a light path 
of 1 cm or longer. See Table 4500-Si:I for light path selection. 

2) Filter photometer, providing a light path of 1 cm or longer 
and equipped with a violet filter having maximum transmittance 
near 410 nm. 

3) Nessler tubes, matched, 50-mL, tall form. 

3. Reagents 

For best results, set aside and use batches of chemicals low in 
silica. Store all reagents in plastic containers to guard against 
high blanks. 

a. Sodium bicarbonate, NaHCO : ,, powder. 

b. Sulfuric acid, H 2 S0 4 , IN. 

c. Hydrochloric acid, HCl, 1 + 1. 

d. Ammonium molybdate reagent: Dissolve 10 g (NH 4 ) 6 Mo 7 24 - 
4H 2 in distilled water, with stirring and gentle warming, and 
dilute to 100 mL. Filter if necessary. Adjust to pH 7 to 8 with 
silica-free NH 4 OM or NaOH and store in a polyethylene bottle 
to stabilize. (If the pH is not adjusted, a precipitate gradually 
forms. If the solution is stored in glass, silica may leach out and 
cause high blanks.) If necessary, prepare silica-free NH 4 OH by 
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4. Procedure 

a. Color development: To 50.0 mL sample add in rapid succes- 
sion 1.0 mL 1 + 1 HCl and 2.0 mL ammonium molybdate re- 
agent. Mix by inverting at least six times and let stand for 5 to 
10 min. Add 2.0 mL oxalic acid solution and mix thoroughly. 
Read color after 2 min but before 15 min, measuring time from 
addition of oxalic acid. Because the yellow color obeys Beer's 
law, measure photometrically or visually. 

b. To detect the presence of molybdate-unreactive silica, digest 
sample with NaHC0 3 before color development. This digestion 
is not necessarily sufficient to convert all molybdate-unreactive 
silica to the molybdate-reactive form. Complex silicates and higher 
silica polymers may require extended fusion with alkali at high 
temperatures or digestion under pressure for complete conver- 
sion. Omit digestion if all the silica is known to react with mo- 
lybdate. 

Prepare a clear sample by filtration if necessary. Place 50.0 
mL, or a smaller portion diluted to 50 mL, in a 100-mL platinum 
dish. Add 200 mg silica-free NaHC0 3 and digest on a steam bath 
for 1 h. Cool and add slowly, with stirring, 2.4 mL 1/V H 2 S0 4 . 
Do not interrupt analysis but proceed at once with remaining 
steps. Transfer quantitatively to a 50-mL nessler tube and make 
up to mark with distilled water. (Tall-form 50-mL nessler tubes 
are convenient for mixing even if the solution subsequently is 
transferred to an absorption cell for photometric measurement.) 

c. Preparation of standards: If NaHC0 3 pretreatment is used, 
add to the standards (approximately 45 mL total volume) 200 
mg NaHC0 3 and 2.4 mL IN H 2 S0 4 , to compensate both for the 
slight amount of silica introduced by the reagents and for the 
effect of the salt on color intensity. Dilute to 50.0 mL. 

d. Correction for color or turbidity: Prepare a special blank 
for every sample that needs such correction. Carry two identical 
portions of each such sample through the procedure, including 
NaHC0 3 treatment if this is used. To one portion add all reagents 
as directed in II ^a preceding. To the other portion add HCl and 
oxalic acid but no molybdate. Adjust photometer to zero ab- 
sorbance with the blank containing no molybdate before reading 
absorbance of molybdate-treated sample. 

e. Photometric measurement: Prepare a calibration curve from 
a series of approximately six standards to cover the optimum 
ranges cited in Table 4500-SLI. Follow direction of 11 4a above 
on suitable portions of standard silica solution diluted to 50.0 
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mL in nessler tubes. Set photometer at zero absorbance with 
distilled water and read all standards, including a reagent blank, 
against distilled water. Plot micrograms silica in the final (55 mL) 
developed solution against photometer readings. Run a reagent 
blank and at least one standard with each group of samples to 
confirm that the calibration curve previously established has not 
shifted. 

/. Visual comparison: Make a set of permanent artificial color 
standards, using K 2 Cr0 4 and borax solutions. Mix liquid volumes 
specified in Table 4500-Si:lI and place them in well-stoppered, 
appropriately labeled 50-mL nessler tubes. Verify correctness of 
these permanent artificial standards by comparing them visually 
against standards prepared by analyzing portions of the standard 
silica solution. Use permanent artificial color standards only for 
visual comparison. 



5. Calculation 



mg Si0 2 /L = 



tig SiO;, (in 55 mL final volume) 



mL sample 
Report whether NaHC0 3 digestion was used. 

6. Precision and Bias 

A synthetic sample containing 5.0 mg SiOy'L, 10 mg C1~7L, 

0.20 mg NH-N/L, 1.0 mg N0 3 -N7L, 1.5 mg organic N/L, and 

Table 4500-Si. ■ II. Preparation of Permanent Color Standards 
for Visual Determination of Silica 
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10.0 mg P(V~/L in distilled water was analyzed in 19 laboratories 
by the molybdosilicate method with a relative standard deviation 
of 14.3% and a relative error of 7.8%. 

Another synthetic sample containing 15.0 mg Si0 2 /L, 200 mg 
C1-/L, 0.800 mg NH 3 -N/L, 1.0 mg N0 3 "-N/L, 0.800 mg organic 
N/L, and 5.0 mg P0 4 3 /L in distilled water was analyzed in 19 
laboratories by the molybdosilicate method, with a relative stand- 
ard deviation of 8.4% and a relative error of 4.2%. 

A third synthetic sample containing 30.0 mg SiOVL, 400 mg 
C1-7L, l.SO'mg NH3-N/L, 1.0 mg NO3 -N/L, 0.200 mg organic 
N/L, and 0.500 mg P0 4 3 "/L, in distilled water was analyzed in 
20 laboratories by the molybdosilicate method, with a relative 
standard deviation of 7.7% and a relative error of 9.8%. 

All results were obtained after sample digestion with NaHCO v 

7. Bibliography 

Dibnert, F. & F. Wandlnbulckl. 1923. On the determination of siliea 
in waters. Bull. Soc. Chim. France 33: 1131, Compt. Rend. 176:1478. 

Dibnert, F. & F. Wandenbulcke. 1924. A study of colloidal silica. 
Compt. Rend. 178:564. 

Swank, H.W. & M.G. Mellon. 1934. Colorimetric standards for silica. 
Ind. Eng. Chem., Anal. Ed. 6:348. 

Tourky, A.R. & D.H. Bangham. 1936. Colloidal silica in natural waters 
and the "silicomolybdate" colour test. Nature 138:587. 

Birnbaum, N. & G.H. Walden. 1938. Co-precipitation of ammonium 
silicomolybdate and ammonium phosphomolybdate. J. Amer. Chem. 
Soc. 60:66. 

Kahler, H.L, 1941. Determination of soluble silica in water: A pho- 
tometric method. Ind. Eng. Chem., Anal. Ed. 13:536. 

Noll. C.A. & J.. I. Magutre. 1942. Effect of container on soluble silica 
content of water samples. Ind. Eng. Chem., Anal. Ed. 14:569. 

Schwartz, M.C, 1942. Photometric determination of silica in the pres- 
ence of phosphates. Ind. Eng. Chem., Anal. Ed. 14:893. 

Gutter, H. 1945. Influence of pH on the composition and physical 
aspects of the ammonium molybdates. Compt. Rend. 220:146. 

Milton, R.F. 1951. Formation of silicomolybdate. Analyst 76:431. 

Killeffer, D.H. & A. Linz. 1952. Molybdenum Compounds. Their 
Chemistry and Technology. Interscience Publishers, New York, N.Y, 
pp. l-2,'42-45. 67-82, 87-92. 

Strickland, J. D.H. 1952. The preparation and properties of silico- 
molybdic acid. J. Amer. Chem. Soc. 74:862, 868, 872. 

Chow, D.T.W. & R.J. Robinson. 1953. The forms of silicate available 
for colorimetric determination. Anal. Chem. 25:646. 



4500-Si E. Heteropoly Blue Method 



1. General Discussion 

a. Principle: The principles outlined under Method D, 1] \a, 
also apply to this method. The yellow molybdosilicic acid is re- 
duced by means of aminonaphtholsulfonic acid to heteropoly 
blue. The blue color is more intense than the yellow color of 
Method D and provides increased sensitivity. 

/;. Interference: See Section 4500-Si. D. lb. 

c. Minimum detectable concentration: Approximately 20 |xg 



Si0 2 /L can be detected in 50-mL nessler tubes and 50 \xg SiO z /L 
spectrophotometrically with a 1-cm light path at 815 nm. 

2. Apparatus 

a. Platinum dishes, 100-mL. 

b. Colorimetric equipment: One of the following is required: 
1) Spectrophotometer, for use at approximately 815 nm. The 

color system also obeys Beer's law at 650 nm, with appreciably 
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reduced sensitivity. Use light path of 1 cm or longer. See Table 
4500-Si:I for light path selection. 

2) Filter photometer, provided with a red filter exhibiting max- 
imum transmittance in the wavelength range of 600 to 815 nm. 
Sensitivity improves with increasing wavelength. Use light path 
of 1 cm or longer. 

3) Nessler tubes, matched, 50-mL, tall form. 

3, Reagents 

For best results, set aside and use batches of chemicals low in 
silica. Store all reagents in plastic containers to guard against 
high blanks. Use distilled water that does not contain detectable 
silica after storage in glass. 

All of the reagents listed in Section 4500-Si.D.3 are required, 
and in addition: 

Reducing agent: Dissolve 500 mg l-amino-2-naphthol-4-sul- 
fonic acid and 1 g Na 2 S0 3 in 50 mL distilled water, with gentle 
warming if necessary; add this to a solution of 30 g NaHS0 3 in 
150 mL distilled water. Filter into a plastic bottle. Discard when 
solution becomes dark. Prolong reagent life by storing in a re- 
frigerator and away from light. Do not use aminonaphtholsul- 
fonic acid that is incompletely soluble or that produces reagents 
that are dark even when freshly prepared.* 

4. Procedure 

a. Color development: Proceed as in 11 4500-Si.D.4« up to and 
including the words, "Add 2.0 mL oxalic acid solution and mix 
thoroughly." Measuring time from the moment of adding oxalic 
acid, wait at least 2 min but not more than 15 min, add 2.0 mL 
reducing agent, and mix thoroughly. After 5 min, measure blue 
color photometrically or visually. If NaHC0 3 pretreatment is 
used, follow 11 4500-Si.D.4£. 

b. Photometric measurement: Prepare a calibration curve from 
a series of approximately six standards to cover the optimum 
range indicated in Table 4500-Si:I. Carry out the steps described 
above on suitable portions of standard silica solution diluted to 
50.0 mL in nessler tubes; pretreat standards if NaHC0 3 digestion 
is used (see 4500-Si.D Ab). Adjust photometer to zero absorb- 
ance with distilled water and read all standards, including a re- 
agent blank, against distilled water. If necessary to correct for 
color or turbidity in a sample, see 11 4500-Si.D.4d To the special 
blank add HC1 and oxalic acid, but no molybdate or reducing 
agent. Plot micrograms silica in the final 55 mL developed so- 



lution against absorbance. Run a reagent blank and at least one 
standard with each group of samples to check the calibration 
curve. 

c. Visual comparison: Prepare a series of not less than 12 
standards, covering the range to 120 (xg Si0 2 , by placing the 
calculated volumes of standard silica solution in 50-mL nessler 
tubes, diluting to mark with distilled water, and developing color 
as described in 11 a preceding. 



5. Calculation 



mg Si0 2 /L 



jxg Si0 2 (in 55 mL final volume) 



Eastman No. 360 has been found satisfactory. 



mL sample 
Report whether NaHC0 3 digestion was used. 

6. Precision and Bias 

A synthetic sample containing 5.0 mg Si0 2 /L, 10 mgCl~/L, 
0.200 mg NH r N/L, 1.0 mg N0 3 ~-N/L, 1.5 mg"organic N/L, and 
10.0 mg P0 4 3 ~7L in distilled water was analyzed in 11 laboratories 
by the heteropoly blue method, with a relative standard deviation 
of 21.2% and a relative error of 3.0%. 

A second synthetic sample containing 15 mg Si0 2 /L, 200 mg 
C1-/L, 0.800 mg NH 3 -N/L, 1.0 mg N0 3 "-N/L, 0.800 mg organic 
N/L, and 5.0 mg P0 4 3 "/L in distilled water was analyzed in 11 
laboratories by the heteropoly blue method, with a relative stand- 
ard deviation of 18.0% and a relative error of 2.9%. 

A third synthetic sample containing 30.0 mg Si0 2 /L, 400 mg 
Cl~/L, 1.50 mg NH r N/L, 1.0 mg N0 3 "-N/L, 0.200~mg organic 
N/L, and 0.500 mg P0 4 3 ~/L in distilled water was analyzed in 
10 laboratories by the heteropoly blue method with a relative 
standard deviation of 4.9% and a relative error of 5.1%. 

All results were obtained after sample digestion with NaHC0 3 . 
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4500-Si F. Automated Method for Molybdate- Reactive Silica 



1 . General Discussion 

a. Principle: This method is an adaptation of the heteropoly 
blue method (Method E) utilizing a continuous-flow analytical 
instrument. 

b. Interferences: See Section 4500-Si. D. 16. If particulate mat- 



ter is present, filter sample or use a continuous filter as an integral 
part of the system. 

c. Application: This method is applicable to potable, surface, 
domestic, and other waters containing to 20 mg Si0 2 /L. The 
range of concentration can be broadened to to 80 mg/L by 
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substituting a 15-mm flow cell for the 50-mm flow cell shown in 
Figure 4500-Si:l. 

2. Apparatus 

Automated analytical equipment: The required continuous-flow 
analytical instrument* consists of the interchangeable compo- 
nents shown in Figure 4500-Si:l. 



3. Reagents 

a. Sulfuric acid, H 2 S0 4 , 0.1N. 

b. Ammonium molybdate reagent: Dissolve 10 g (NH 4 ) 6 Mo 7 24 - 
4H 2 in 1 L O.L/V FI 2 S0 4 . Filter and store in an amber plastic 
bottle. 

c. Oxalic acid solution: Dissolve 50 g oxalic acid in 900 mL 
distilled water and dilute to 1 L. 

d. Reducing agent: Dissolve 120 g NaHS0 3 and 4 g Na 2 S0 3 in 
800 mL warm distilled water. Add 2 g l-amino-2-naphthol-4- 
sulfonic acid, mix well, and dilute to 1 L. Filter into amber plastic 
bottle for storage. 

To prepare working reagent, dilute 100 mL to 1 L with distilled 
water. Make working reagent daily. 

e. Standard silica solution: See 4500-Si.D.3g. 
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Figure 4500-Si:i. Silica manifold. 



4. Procedure 

Set up manifold as shown in Figure 4500-Si:l and follow the 
general procedure by the manufacturer. Determine absorbance 
at 660 nm. 

5. Calculation 

Prepare standard curves by plotting peak heights of standards 
processed through the manifold against Si0 2 concentration in 



* Technicon™ Autoanalyzer™ or equivalent. 



standards. Computer sample Si0 2 concentration by comparing 
sample peak height with standard curve. 

6. Precision and Bias 

For to 20 mg Si0 2 /L, when a 50-mm flow cell was used at 
40 samples/H, the detection limit was 0,1 mg/L, sensitivity (con- 
centration giving 0.398 absorbance) was 7.1 mg/L, and the coef- 
ficient of variation (95% confidence level at 7.1 mg/L) was 1.6%. 
For to 80 mg Si0 2 /L, when a 15-mm flow cell was used at 50 
samples/h, detection limit was 0.5 mg/L, sensitivity was 31 mg/ 
L, and coefficient of variation at 31 mg/L was 1.5%. 



4500-Si G. Inductively Coupled Plasma Method 



See Section 3120. 




